found budding from the plasma membrane and free in the intracellular spaces of cells in tissue culture and in fibrosarcomas resulting from intramuscular implants of these tissue cultures. Complement-fixation tests for group reactive murine leukemia antigens were positive, with titers consistently higher to a broadly reactive anti-serum than to anti-Friend, anti-Moloney, or anti-Rauscher sera. The 4705 virus was neutralized by Gross antiserum, but not by the F-M-R antisera. When injected into DD, BALB/c, or C3H/He newborn mice, the virus thus far has manifested no leukemogenicity, though virus from tumor extracts and tissue culture medium has been shown to be capable of infecting C3H and Swiss mouse embryo tissue cultures and successfully replicating in them. The role of the virus in accelerating or inducing neoplastic transformation in NCTC 4705 is still not known. When it was introduced into NCTC 4,23, a non-neoplastic cell line in other respects similar to NCTC 4705, 4823 manifested no signs of neoplastic transformation after harboring the virus more than 300 days in vitro.
Long-term tissue cultures with their general tendency to undergo "spontaneous" neoplastic transformation (12, 16, 20, 21, 48, 49) provide an excellent and readily available source of material for the study of the transforming process. The potential of this method has been greatly enhanced by the development of chemically defined media (19, 3S, 54) , providing an even greater control of the in vitro environment, and thus of the extracellular factors. Several long-term cell lines have been adapted to defined medium (18, 55) , and recently Andresen et al. (2) succeeded in initiating and continuously growing pooled mouse embryo cells in vitro "in a completely de- fined medium without the addition of, or exposure to, insulin or any enzymatic preparation, such as trypsin." This latter investigation provided for the first time a cell line which, from its very inception, existed exclusively on a chemically defined medium.
The growing list of long-term tissue cultures which have been found to harbor virus or "viruslike particles" (9, 11, 26, 30) suggested the need for an investigation to determine whether these particles could initiate or facilitate the so-called "spontaneous" neoplastic transformation. On the other hand, the absence of at least detectable virus in many neoplastic cell lines would indicate that neoplastic transformation as such can be independent of virus influence. From among 40 tissue culture sublines tested by us (26) for the presence of virus by complement fixation (CF) or electron microscopy (EM), or both, one, NCTC 4705, initiated on chemically defined medium and positive for CF and EM virus testing, was especially interesting. Preliminary study (25) suggested that the virus belonged to the murine leukemia group; thus experiments were undertaken to test its virulence, infectivity, neoplasia-inducing capabilities, and antigenicity. These comprise the subject matter of this report.
MATERIALS AND METHODS
Tissue culture. The development of the specific chemically defined medium and the method of initiation of tissue culture line NCTC 4705 from pooled minced cells of 22 embryos removed from three C3H/ HeN females after 13 days in utero have been described in detail elsewhere (2, 18) . Intraocular implants from cell cultures 910 days in vitro were made into five irradiated (425 r, whole-body exposure) weanling C3H/HeN mice by the technique of Grobstein (22) . From one of these, a l-mm3 portion of a MURINE C-TYPE VIRUS resulting tumor was then implanted into the left thigh muscles of each of three mice of the same age and strain. These tumors were then routinely transplanted every 3 or 4 weeks, and samples were surveyed with an electron microscope.
CF. At various stages of the experiment, the cell line was tested for the presence of mouse leukemia group-reactive CF virus antigens by Janet Hartley (National Institute of Allergy and Infectious Diseases, Bethesda, Md.), using rat antisera described previously (27, 45) . Tests Electron microscopy. In the preparation of tissue for the electron microscope, three different fixation methods were used. All tissue cultures were initially, fixed while still attached to the surface of the flask. After removing the culture medium, ordinarily 1% glutaraldehyde (GA) in phosphate buffer (46) was poured on the cell sheet and left there for 1 hr. The GA fixation was sometimes omitted to check the effect on the cells of the various fixation methods. GA at 1%c was also used on viral pellets, but the concentration was increased to 3%1c, for tumors. Wherever GA was utilized, the tissues were then rinsed three times in buffer for a total of 30 min and transferred to chrome-osmium (C-O) for 1 hr (10) . During the last buffer rinse, the tissue cultures were scraped loose from the floor of the flasks with cellophane; the contents of two or three T-15 flasks were pooled and centrifuged at 1,800 rev/ min in an IEC no. 269 rotor for 10 min. The resulting pellet was broken into small pieces and thus carried through the subsequent process, which included in all cases immersion in 0.5% aqueous uranyl acetate (UA) at pH 5 T-15 flasks by replacing the used culture medium with 3.0 ml of NCTC 135 plus 10% fetal calf serum to which had been added 0.1 ml of a l-g equivalent concentrate of virus suspension prepared as described previously (35) . The cells were incubated in the viruscontaining medium at 37.5 C for 24 to 36 hr, when the culture medium was renewed. Infectivity was determined by CF testing of the infected cells for the presence of antigen and by EM for the presence of morphologically detectable particles.
RESULTS
EM and CF testing. The established cell line, NCTC 4705, exists as a multilayered sheet of predominantly fibroblast-like cells which have been grown exclusively on chemically defined medium ( Fig. 1, 2 ). Investigation with a light microscope revealed a high degree of hypotetraploidy, characterized by various chromosomal abnormalities described in detail by Andresen et al. (2) . In addition to this aneuploidy, multinucleate cells are also present and there exists a degree of cytoplasmic vacuolization in most of the cells, along with a rather high nucleocytoplasmic ratio and pronounced cytoplasmic basophilia. These features are more apparent under an electron microscope (Fig. 3, 4 , 5). The endoplasmic reticulum is expanded in several places and may account for some of the apparent vacuolization; the very large number of free ribosomes probably contributes to the intense basophilia. The most striking ultrastructural feature of the NCTC 4705 tissue cultures, however, was, as previously reported (25) , the presence in large quantities of viruslike particles approximately 100 to 110 mi in diameter. Most often they were found intercellularly and appeared to be similar to mature C particles, having an electron dense nucleoid with a diameter of about 65 mA (Fig. 3, 4 , 5, 13). Frequently, particles were seen to bud off the plasma membrane (Fig. 6 ) or from intracytoplasmic membranes (Fig. 7, l) . Morphologically, the particles resembled the murine leukemia viruses in both their mature and immature forms (Fig. 13, 17, 18, 19, 20) . In addition, intracytoplasmic intracisternal A particles were also encountered ( Fig. 12 ), though more frequently in tumors than in tissue culture.
These particles seem to be limited by a unit membrane of the endoplasmic reticulum which is itself immediately adjacent to an inner electrondense ring-shaped core with an electron-lucent center.
Once the cell line had been established and routinely subcultured, rapidly growing fibrosarcomas were easily induced within 3 .4X. 4 were made with virus prepared in different ways: (i) virus prepared in citrate buffer from the second intramuscular passage (NCTC 5597); (ii) virus prepared in phosphate buffer from the fourth intramuscular passage (NCTC 5604); (iii) virus prepared from tissue culture medium from the 89th subculture with penicillin-streptomycin added to the infecting medium (NCTC 5780); (iv) same as iii, but without antibiotics (NCTC 5781). In all of these tests, ampoules of the same batch of virus previously stored in liquid nitrogen were given CF and EM tests for the presence of antigen or virus particles. As Table 2 shows, all of these attempts were successful and we thus developed four sublines of 4823 which have been infected with 4705 virus.
Since NCTC 4705 cells were grown exclusively in chemically defined medium, the possibility existed that the cells might propagate virus more effectively in a serum-supplemented medium. Therefore, a piece of tumor from the same source as the virus extraction in phosphate buffer (ii above) was put back into tissue culture on NCTC 135 plus 10%7 fetal calf serum. At culture generations 6 and 11, these cells were tested by CF and EM, but no significant differences could be observed between cultures of 4705 grown on chemically defined medium and those on medium with serum added. It would seem then that the higher titers observed in the CF recovery tests are more Source of virus. Once a transplantable tumor line had been established, two sources of virus were available: tumor tissue and cell cultures or medium, or both. The former source had the advantage of rapid growth and straightforward extraction procedures; the latter had a much lower probability of outside contamination from virus which might have been easily acquired during the serial passage of the tumor in mice. Likewise, virus pellets prepared from the medium were much more highly concentrated than those prepared from tumor by direct differential centrifugation procedures (Fig. 14, 15, and 16) .
As mentioned previously, both sources of virus have yielded infective particles, as indicated by CF and EM. However, the minimal time before which the virus can be detected after infection has not been determined.
An (32, 51) , polyoma virus (15, 33, 47, 53), avian myeloblastosis virus (4, 5) , simian virus 40 (3, 41, 50) (31) and Abercrombie (1) , who found that when serum was added to tissue cultures cell adhesiveness was reduced. Perhaps the presence of fetal calf serum in the SMETC permitted the virus particles to get free from the clumps apposed to cells pelleted from serum-free medium and thus escape detection when low-speed centrifuge pellets of tissue cultures were examined. Further work is necessary in this area.
